Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin lymphoma (NHL), accounting for over 30% of all NHL. 1, 2 DLBCL is an aggressive histologic subtype of NHL, with rapidly enlarged lymph nodes, advanced-stage disease, and often "B" symptoms (ie, drenching night sweats, 10% weight loss, documented fever), with over 50% of untreated patients surviving ,1 year. 3 Intensive combination therapy with cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) can achieve a complete remission in the majority of patients, a significant number of whom achieve longterm disease-free survival. 4 Standard clinical prognostic models have identified age, stage, extranodal sites, performance status, and serum lactate dehydrogenase (LDH) level as being independently predictive of clinical outcome with intensive chemotherapy, and comprise the basis of the International Prognostic Index (IPI). 5, 6 Recently, a Surveillance, Epidemiology, and End Results (SEER) analysis reported that the median overall survival after DLBCL increased from .20 months for patients diagnosed before 2000 to 47 months after 2000. 7 This remarkable improvement in survival coincided with the addition of rituximab to conventional chemotherapy regimens (R-CHOP therapy) in ;2002. 6, 8 R-CHOP-based therapies effectively increased the overall 5-year relative survival from ;45% to 60% to 70%, 9, 10 although worse survival was still noted for those with higher IPI scores. 6 Despite these advances in treatment, African-American patients were reported to have risks of death 10% to 20% higher than non-Hispanic whites after DLBCL. 7, [11] [12] [13] SEER-Medicare analyses including patients treated predominantly in the CHOP era have suggested that delayed therapy or socioeconomic factors (specifically poverty, education, and family income) partially explain these results. 11, 14 However, no studies have considered how neighborhood socioeconomic status (SES) influences these racial/ethnic disparities in DLBCL despite SES being an important cancer prognostic factor [15] [16] [17] [18] and often underlying the associations between race/ethnicity and poor health outcomes. 14, 19 Therefore, this study aimed to understand whether socioeconomic disparities in DLBCL mortality exist and whether mortality improvements from advancements in DLBCL therapy exist across all patients after consideration for neighborhood SES. We examined the association between neighborhood SES and overall-and DLBCL-specific mortality before (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) and after (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) the introduction of rituximab among the ethnically and socioeconomically diverse population in the California Cancer Registry (CCR).
Patients and methods

Patients
We included all patients older than 15 years of age diagnosed with DLBCL (International Classification of Diseases-Oncology, 3rd edition [ICD- O-3] morphology codes 9680-9684 [20] [21] [22] in California between January 1, 1988 and December 31, 2009 . For each patient, we obtained CCR information on age, sex, race/ethnicity, marital status, census-block group of residence at diagnosis, summary stage, presence of "B" symptoms, nodal status (nodal  defined as ICD-O-3 sites C024, C098-C099, C111, C142, C379, C422, C770-C779; extranodal defined as all other sites) , treatment modalities within the first 12 months after diagnosis, vital status as of December 31, 2010, and underlying cause of death. Chemotherapy regimens were grouped as yes (received single agent, multiple agents, and chemotherapy not otherwise specified [NOS]), no (contraindicated, patient died, recommended but not given, refused, and none), and unknown (recommended but unknown if given, and unknown). Reporting hospitals were classified according to National Cancer Institute (NCI)-designated cancer center status.
We also obtained information on the primary source of payment at the time of initial diagnosis and/or treatment (health insurance), which was routinely abstracted by the CCR for patients diagnosed after 2001. Health insurance was grouped into public insurance (Medicaid and other government-assisted programs), private insurance (health maintenance organizations, preferred provider organizations, managed care NOS, and military care), no insurance and self-paid, and insurance status unknown. 23 In addition, because individual patient-level SES information is not collected by the CCR, we determined neighborhood SES by patients' residential census-block group using an index derived from principal components of 7 indicator variables of SES (education level; proportion unemployed and with a blue collar job; proportion ,200% poverty line; and median household income, rent, and home value). 24 DLBCL patients were assigned into an SES quintile based on the distribution of neighborhood SES across all census block groups in California. Based upon the population density of census blocks, 25, 26 we defined urban as those from metropolitan urban and metropolitan suburban blocks and those from city, town, and rural blocks as nonurban.
The introduction of monoclonal anti-CD20 antibody rituximab to treatment of B-cell NHL started in the late 1990s 27, 28 ; the addition of rituximab to conventional chemotherapy started in the late 1990s 29, 30 and became a consensus standard therapy after 2002. 31 Given that survival data on rituximab use in combination with CHOP chemotherapy for treatment of DLBCL were first presented in 2000 and were rapidly adopted in clinical practice, we define this as the beginning of the modern treatment era. We excluded DLBCL patients with unknown race/ethnicity or age (n 5 343) or, due to small numbers, patients who were American Indian or Alaska native (n 5 118). We also excluded, in a hierarchical manner, patients with evidence of current HIV infection (CCR information on whether all Hodgkin and NHLs were associated with HIV/AIDS) or those who had died of AIDS (cause of death information coded by the National Center for Health Statistics and the California Department of Public Health based on information from the death certificate) (n 5 3218) for whom treatment and survival patterns were known to be different, and all patients diagnosed at autopsy or by death certificate (n 5 137) with zero survival time. The final study population included 33 032 patients. This project was approved by the Institutional Review Board of the Cancer Prevention Institute of California.
Statistical analysis
We used Cox proportional hazards regression to estimate survival hazard ratios (HRs) and associated 95% confidence intervals (CIs) to evaluate the impact of factors on overall and DLBCL-specific mortality. For deceased patients, survival time was measured in days from the date of diagnosis to the date of death from any cause for analyses of all-cause mortality or to the date of death from DLBCL for analyses of DLBCL-specific mortality. Patients who died of other causes were censored at the time of death for analyses of DLBCL-specific death. Patients alive at the study end date (December 31, 2010) were censored at this time or at the date of last follow-up (ie, last known contact). Ninety-three percent of censored patients had a follow-up date within 1 year of the study end date; neighborhood SES did not differ between patients with and without recent follow-up information.
We tested proportional hazards assumption by statistically testing the correlation between weighted Schoenfeld residuals and logarithmically transformed survival time. No violations of the assumption were observed. Multivariate Cox regression models included variables significant at P , .05 in unadjusted models (age at diagnosis, race/ethnicity, marital status, diagnostic period, "B" symptoms, nodal status, chemotherapy, radiation therapy, NCI-designated hospital, and neighborhood SES), or with a priori hypotheses for inclusion (eg, sex and urbanicity). Given that proportional hazards varied by stage at diagnosis (localized, regional, advanced, and unknown), it was included as a stratifying variable in the analyses and is not included in Table 2 . Multivariate models also included source of health insurance coverage to examine the impact of health insurance on mortality in subanalysis for For personal use only. on April 14, 2017. by guest www.bloodjournal.org From collapsed into 2 groups (quintiles 1-2 [lower SES], and quintiles 3-5 [higher SES]) due to similarities across quintiles in survival patterns.
All statistical tests were carried out using SAS software version 9.3 (SAS Institute). All P values reported were 2-sided, and those that were ,.05 were considered to be statistically significant.
Results
In this California cohort of 33 032 DLBCL patients, the mean age (6standard deviation) of patients at diagnosis was 63.3 (616.9) years [63.0 (617.0) years and 63.6 (616.9) years for patients diagnosed before and after 2000, respectively]. Table 1 shows that most patients in our study were of non-Hispanic white race/ethnicity, but the proportion of nonwhite patients increased in the 2001 to 2009 diagnostic period.
With a mean follow-up of 4.5 (65.1) years [5.8 (66.4) years and 3.1 (62.8) years, respectively, for patients diagnosed before and after 2000], the median overall survival was 7.10 years (95% CI, 6.80-7.42) for patients with regional/localized disease, and 1.48 years (95% CI, 1.40-1.57) for those with advanced disease. Table 2 shows that DLBCL patients diagnosed in 2001 to 2009 had 29% to 32% lower mortality compared with patients diagnosed in 1988 to 2000. Female patients experienced lower mortality than male patients. Significantly increased mortality risk was observed in patients who were not married, with advanced stage, presence of "B" symptoms, and living in the lower SES neighborhoods (all P values , .05; P for trend , .01). Compared with patients living in the top 20% of neighborhoods ranked by SES, patients in the lowest 20% experienced 34% (95% CI, 27%-40%) increased risk of allcause death and 24% (95% CI, 16%-32%) increased risk of DLBCL-specific death.
Relative to non-Hispanic whites (and after adjustment for age at diagnosis, sex, marital status, diagnostic period, stage, presence of "B" symptoms, nodal status, NCI-designated hospital, urbanicity, and first course of treatment), Hispanics (HR 5 1.13; 95% CI, 1.08-1.17), Asian/Pacific Islanders (HR 5 1.07; 95% CI, 1.02-1.12), and African Americans (HR 5 1.09; 95% CI, 1.01-1.17) experienced higher all-cause mortality. Hispanics (HR 5 1.08; 95% CI, 1.03-1.13) and Asians/Pacific Islanders (HR 5 1.11; 95% CI, 1.05-1.18), but not African Americans (HR 5 1.00; 95% CI, 0.92-1.10), also experienced higher DLBCL-specific mortality relative to non-Hispanic whites. Notably, after further adjustment for neighborhood SES, mortality was similar across all racial/ethnicity groups, except for an 8% higher DLBCL-specific mortality among Asian/Pacific Islanders ( Table 2) .
We also examined the association between the source of health insurance and risk of death in the 7636 patients under the age of Table 2) . Patients who were covered by government-assisted programs (n 5 1697) or self-paid/without insurance (n 5 379) experienced a 1.5-fold increased risk of death compared with patients who had managed care or military care (n 5 4653) after adjusting for all factors. Adjusting for insurance status did not change the association between neighborhood SES and mortality risk.
Patients living in lower SES neighborhoods had worse survival than those in higher SES neighborhoods across groups stratified by age, marital status, year of diagnosis, and stage at diagnosis (all P log-rank , .005, Figures 1-3) , with the effect of neighborhood SES on survival most striking in patients ,65 years, those who are married, and those diagnosed after 2001 (Table 3 ). Patients living in the lowest SES neighborhoods who were diagnosed in the period from 2001 to 2009 had a 37% and 25% greater risk of death from all-cause and DLBCL, respectively, compared with patients in the highest SES neighborhood, whereas elevated risk was 31% and 23% for patients diagnosed from 1988 to 2000 (P for interaction 5 .01 for overall mortality). Among nonmarried patients, those living in lower SES neighborhoods had a 28% and 17% elevated risk of all-cause and DLBCLspecific mortality, respectively, compared with those residing in high SES neighborhoods. A stronger effect was noted among married patients, with a 34% and 26% elevated mortality risk observed for those living in lower SES neighborhoods compared with high SES neighborhoods (P for interaction for overall-and DLBCL-specific mortality ,.01). The absolute magnitude of survival difference between the lowest and highest neighborhood SES was most marked in patients ,65 years of age (51% and 49% increased risk for death from all causes and from DLBCL) ( Table 3 ) (P for interaction for overalland DLBCL-specific mortality ,.01).
Discussion
In 33 032 patients diagnosed with DLBCL in California, mortality decreased by 30% from 1988 to 2000 to 2001 to 2009. Our findings are consistent with several clinical and population-based SEER studies reporting improved DLBCL survival, 7, 8 which is probably most attributable to the introduction of first-line rituximab into conventional chemotherapy. Although survival improved between the 2 time periods for all patient subgroups defined by age, sex, stage at diagnosis, race/ethnicity, and neighborhood SES, disparities in survival persisted. The magnitude of the neighborhood SES survival disparity was more pronounced in the modern treatment era after the emergence of rituximab, and in younger patients who otherwise have better DLBCL prognostic features. For personal use only. on April 14, 2017. by guest www.bloodjournal.org From Previous studies have found African-American DLBCL patients to have risks of death 10% to 20% higher than those for non-Hispanic whites, 7,11-13 with survival differences persisting after the introduction of rituximab. 7, 11, 12 Specifically, Komrokji reported that the median overall survival after diagnosis of DLBCL was 47 months in white patients vs 29 months in African-American patients from 2000 to 2004. 7 In our study, we found elevated mortality risks in African Americans, Hispanics, and Asians/Pacific Islanders, compared with non-Hispanic whites, after controlling for factors besides neighborhood SES. However, after adjustment for neighborhood SES, racial/ ethnic survival differences were attenuated, a finding consistent with 2 prior NHL survival analyses. 32, 33 In addition, our study showed that nonmarried patients experienced elevated mortality compared with married patients, an observation consistent with previous findings for many cancers including NHL. [34] [35] [36] The most likely explanation is that married patients have stronger social support from spouses, 34 which results in better adherence with prescribed treatments 37 and less psychological difficulties, 38 than nonmarried cancer patients. Our finding of the more marked inverse association between SES and mortality in married DLBCL patients may result from differences in insurance status between married and nonmarried DLBCL patients in our study. In a sensitivity analysis of pre-Medicare eligible patients (,65 years of age) diagnosed after 2001, we found that married patients were more likely to have access to private/military insurance; once insurance status was considered formally in the sensitivity analysis, all-cause and DLBCL-specific mortality was similar across levels of neighborhood SES (data not shown).
To our knowledge, this is the first report to demonstrate a significant neighborhood SES disparity in DLBCL mortality before and after the introduction of rituximab. Determinants relating to the patient, the tumor, and the health care system may contribute to this disparity. 19 Later stage at diagnosis is one tumor factor that might mediate this disparity [39] [40] [41] [42] because of better access to care among higher SES communities. However, it seems unlikely that the disparity we observed could be explained only by stage at diagnosis, given that the association between neighborhood SES and mortality remained after stratification by stage at diagnosis.
Of health care factors that could impact cancer mortality, 43 health insurance and access to care are likely to contribute to the observed disparity. Low SES individuals are less likely to have insurance coverage, or, even with coverage, are less likely to be able to pay high out-of-pocket costs for treatments. Because of insurance or other access factors, low SES individuals may also be less likely to obtain high-quality treatment and follow-up care, 15, 19 and more likely to have increased mortality even within the same stage at diagnosis. 32, 44, 45 In the state of California, 43% of the population aged 18 to 65 years was uninsured or underinsured, 46 while 97% of the population older than 65 years was covered by Medicare. 47, 48 In our study, we found that younger DLBCL patients residing in the lowest SES neighborhoods (those who are most likely to have insufficient insurance 46 or who might have had poorer access to care) had 50% increased mortality risk, a higher mortality risk than found in older patients. We also observed increased mortality in underinsured DLBCL patients under the age of 65 years. Therefore, this study suggests that insufficient health insurance coverage for DLBCL patients from low SES For personal use only. on April 14, 2017. by guest www.bloodjournal.org From neighborhoods may limit health care which, in turn, leads to poor survival outcomes. Our findings lend support to health care reform strategies implemented in the past few years, such as the Affordable Care Act, that aim to increase health care access and thereby alleviate health disparities by socioeconomic factors. 49 Beyond coverage of health insurance, financial burden brought by health care-related cost may worsen the survival differences. Although considered cost-effective, 50,51 adding rituximab to conventional chemotherapy amplifies general and total costs in DLBCL patients. 52, 53 Rising costs may place vulnerable populations subject to choices between cancer care and other necessities. 46 Consistent with the literature on SES and general health outcomes, 54 we found that, for DLBCL, the survival disparity across neighborhood SES persisted after controlling for source of health insurance for younger patients diagnosed after 2001. We also noted that the elevated overall mortality risk of patients in low vs high SES neighborhoods was more pronounced after the introduction of rituximab, whereas this pattern was not seen for lymphoma-specific mortality. These findings indicate that in the modern treatment era, disadvantaged populations are more likely to die of complications other than their cancer. Health care after cancer requires sophisticated management, including complicated drug regimens, general care, regular monitoring, as well as ongoing support of disease management. 19, 55, 56 In the context of increased overall cost of living after diagnosis of DLBCL, disparities in maintaining general health care and self-management may further exacerbate poor outcomes among patients living in low SES neighborhoods.
Our study had the distinct strength of a population-based design with sufficient statistical power to detect variations in DLBCL survival across neighborhood SES and race/ethnicity with respect to clinical advances. The survival improvement with the use of rituximab reported in our and a previous SEER cancer registry study 7 is generally lower than results from clinical-based studies. [57] [58] [59] Unlike clinical studies, our large and diverse California population was not subject to predefined inclusion criteria or treated in specific hospitals/centers; thus, the results of our analyses are generalizable to the larger DLBCL patient population. Furthermore, population-based cancer registries have low levels of pathologic misclassification of DLBCL patients; 77% of cancer registry DLBCL diagnoses were confirmed by expert pathology re-review 60 and an even higher concordance (87%) was demonstrated by the International Lymphoma Study group. 2 Also, DLBCL classification has good reliability, as agreement of registryand coder-assigned ICD-O-3 codes for DLBCL ranged from 84% to 89% for the period of 1988 to 2000. 61 Although we were able to adjust outcomes with available demographic and clinical characteristics, a limitation of the current analysis is the lack of clinical information on DLBCL-specific measurements, such as serum LDH, performance status, treatment details beyond first course of therapy (including receipt of rituximab, which was recorded with the use of chemotherapy over the period of our study), and treatment of relapse, which may have confounded the association of neighborhood SES and DLBCL survival. In addition, recent observations of the impact of DLBCL cell of origin by gene expression studies 62 support the concept that tumor-related factors are important in disease prognosis. However, information on DLBCL cell of origin is not available in the cancer registry. Also, information on primary source of payment was incomplete for 40% of patients diagnosed before 2001; therefore, we were unable to perform analysis of the impact of health insurance coverage on survival prior to the modern treatment era. Another limitation of the study is lack of an individual level of measurement of patient SES, which is not collected by cancer registries. However, studies have reported that neighborhood SES may augment, and not simply approximate, individual-level socioeconomic data 63 by influencing health outcomes through the social (eg, social support), physical (eg, pollution), and built (eg, availability of health services) environments of the neighborhood. 64, 65 Our multifaceted, comprehensive measure of neighborhood SES incorporated several domains of education, income, employment, and cost of living that capture various elements of the socioeconomic environment. This neighborhood measurement has been used previously to demonstrate SES gradients in NHL survival. 18, 63, 66 Prospective studies are needed to evaluate SES in association with existing prognostic factors 67 in individual DLBCL patients so that those with lower SES can be identified prospectively in practice. This is critical to translating our observations into better outcomes, and would allow both an understanding of the true nature of the disparity in individual patients and the development of innovative strategies to extend the improvements in DLBCL survival with available therapies to all.
In summary, although DLBCL mortality has decreased remarkably, patients living in low SES neighborhoods in California experienced considerably increased mortality risk. Although we did not find racial/ethnic disparities in DLBCL survival after consideration for neighborhood SES, we found that neighborhood SES mortality disparities were more pronounced in younger patients, married patients, and in the modern treatment era. A sensitivity analysis suggests that insurance status could explain the mortality difference of neighborhood SES between married and nonmarried patients in our larger study population. Our findings suggest that inadequate insurance coverage with additional financial burden due to modern treatments may be associated with increased mortality after DLBCL for patients living in low SES neighborhoods. Future studies should seek to understand the widening of SES disparities and monitor how changes in the US health care system may contribute to reducing these disparities.
